With the increasing impact of cardiovascular disease among populations aging with HIV, contemporary prevalence estimates for predisposing metabolic comorbidities will be important for guiding the provision of relevant lifestyle and pharmacological interventions. We estimated the citywide prevalence of hypertension, type 2 diabetes, dyslipidaemia, and obesity; examined differences by demographic subgroups; and assessed clinical correlates.
Introduction
The widespread availability of antiretroviral (ARV) therapy has led to the routine management of HIV infection as a chronic condition in which the most prevalent comorbidities have shifted from opportunistic infections and AIDS-related malignancies to noncommunicable diseases such as cardiovascular disease, liver disease, kidney disease, osteoporosis, neurocognitive decline, and non-AIDS-related malignancies [1] . HIV-infected persons confront a 1.5-to 2-fold increased risk of cardiovascular disease and, in recent years, populations of HIV-infected persons have experienced a rising proportionate mortality due to cardiovascular disease [2, 3] . Predisposing metabolic comorbidities (i.e. hypertension, diabetes, dyslipidaemia and obesity) that are known to decrease life expectancy and lower individuals' quality of life have also been linked to changes induced by HIV infection and the use of ARV drugs, such as chronic inflammation, immune activation, immune deficiency, plasma lipid imbalances, and insulin resistance [4] . With the increasing number of people aging with HIV [5] , the availability of contemporary populationlevel prevalence estimates for metabolic comorbidities will be increasingly important for characterizing the epidemiology of metabolic outcomes and guiding the promotion and provision of relevant lifestyle modification and pharmacological interventions to this population.
Metabolic comorbidities among HIV-infected persons have been examined in other large observational cohort studies including the EuroSIDA study [6] , Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study [7, 8] , Swiss HIV Cohort Study [9, 10] , HIV Outpatient Study (HOPS) [11] , Veterans Aging Cohort Study (VACS) and its Virtual Cohort (VACS-VC) [12, 13] , Multicenter AIDS Cohort Study (MACS) [14] [15] [16] , Women's Interagency HIV Study (WIHS) [15, 17, 18] , North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) [19, 20] , and an electronic medical record (EMR) study at a health care centre in New York City [21] . Despite recent publications, however, robust prevalence estimates based on recent data are largely unavailable: data collection for the aforementioned studies occurred mostly prior to 2010, metabolic variables were often reported as baseline covariates in longitudinal analyses or in smaller substudies focused on other health outcomes, and restrictive analytic inclusion/exclusion criteria have sometimes resulted in study samples that were not representative of the larger population of HIV-infected patients (Table S1 ). Thus, a comprehensive investigation of the epidemiology of metabolic comorbidities among HIV-infected persons is warranted, particularly as providers have increasingly prescribed newer ARV regimens with improved metabolic side effect profiles, such as integrase inhibitors [22] .
In this study, we had the unique opportunity to investigate the prevalence and correlates of four key metabolic comorbidities in a large, citywide, racially diverse, and aging contemporary cohort of HIV-infected outpatients in Washington, DC using composite case definitions that incorporated clinical, laboratory, and pharmacy data. Our impetus was to raise awareness of the burden of metabolic comorbidities among people aging with HIV, to use this analysis as a springboard to assess how effectively metabolic comorbidities are being controlled, and to highlight the need for an increased focus on the prevention of cardiovascular disease among HIV-infected patients in DC and beyond. The objectives of the present analysis were to estimate the citywide prevalence of hypertension, type 2 diabetes, dyslipidaemia and obesity; to examine differences by sex, age, and race/ethnicity in the prevalence of these comorbidities; and to assess their demographic, behavioural and clinical correlates.
Methods

Study design
This cross-sectional analysis utilized data collected in an ongoing, prospective, multicentre, observational cohort study of HIV-infected outpatients at 13 major community, government and academic clinical sites in Washington, DC. The methodology of the 'DC Cohort' study has recently been described in depth [23] . In brief, HIV-infected patients were enrolled on an ongoing basis beginning in January 2011 and were prospectively followed from the visit at which informed consent was provided. Sociodemographic, clinical and laboratory data documented in outpatient EMR systems were routinely monitored and abstracted into the DC Cohort database. The protocol was reviewed and approved by multiple Institutional Review Boards including that of the George Washington University. This secondary analysis included participants who were ≥ 18 years of age and enrolled by 30 June 2015.
Measures
Variables for which data were abstracted included sociodemographic characteristics, behavioural risk factors, HIV disease parameters, ARV regimens during the period of active follow-up, and comorbidities. Data between the start and end of the observation period for each participant (i.e. the date of consent until 30 June 2015, study inactivity or death) were used to define variables including HIV parameters and ARV regimens. For many patients, the first regimen recorded in the study database was the regimen patients were taking at the time of consent; thus, lifetime ARV history was incomplete. Sociodemographic characteristics and histories of smoking, alcohol abuse and recreational drug use (each classified as current, previous or never) were abstracted via chart review at enrolment only.
Key metabolic variables that represented outcomes of interest were hypertension, type 2 diabetes, dyslipidaemia and obesity. These outcomes were defined cross-sectionally using specific criteria between the start and end of each participant's study observation period. Participants were defined as having hypertension, diabetes, and/or dyslipidaemia if they met at least one of three criteria: (1) an ICD-9 (International Classification of Diseases, 9th Revision) code that indicated a diagnosis, (2) a drug prescription that suggested receipt of treatment, and (3) values for clinical or laboratory results beyond a specified threshold. Criteria for clinical/laboratory results were specified as blood pressure ≥ 140/90 mm Hg on at least two occasions (for hypertension), serum glucose ≥ 200 mg/dL or glycated haemoglobin (HbA1c) ≥ 6.5% on at least two occasions (for diabetes), and total serum cholesterol ≥ 200 mg/dL or high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL on at least one occasion (for dyslipidaemia). Data on whether patients had been fasting at the time of blood collection for laboratory testing were not available in the DC Cohort database. Laboratory data for one of the 13 sites were only available until September 2014, so data on serum glucose, HbA1c, total cholesterol, and HDL-C were censored at that date for patients at that site. Obesity was defined as having evidence of a relevant ICD-9 code or body mass index (BMI) ≥ 30 on at least one occasion. The detailed definitional criteria for metabolic variables are provided in Tables S2ÀS5. Multimorbidity was defined as having evidence of two or more of these four conditions.
Statistical analysis
Descriptive statistics were calculated for each variable among the total sample and by biological sex, age group and race/ethnicity. We also calculated period prevalence estimates and 95% confidence intervals (CIs) for metabolic outcome variables based on the binomial distribution among the total sample and by demographic categories. Differences in prevalence estimates by sex, age group and race/ethnicity were assessed using v 2 tests. For each metabolic outcome variable, we also assessed the proportions of participants who met the respective criteria for each definition based on diagnoses, prescriptions, or clinical/laboratory results alone, and based on combinations of these data sources. Correlates of metabolic comorbidities were identified using multivariable logistic regression, and all relevant sociodemographic, behavioural and clinical covariates were included in multivariable models. For the purpose of regression analyses, all missing data for independent variables were multiply imputed using 30 imputed data sets. All statistical analyses were completed using SAS version 9.3 (SAS Institute, Cary, NC, USA).
Results
Demographic and clinical characteristics
Characteristics of the 7018 HIV-infected patients are summarized in Table 1 (characteristics stratified by sex, age group and race/ethnicity are included in Table S6 ). 
Prevalence of metabolic comorbidities
The period prevalence was 50% (95% CI: 49-51%) for hypertension, 13% (95% CI: 12-14%) for type 2 diabetes, 48% (95% CI: 47-49%) for dyslipidaemia, 35% (95% CI: 34-36%) for obesity [68% (95% CI: 67-79%) for overweight/obesity and 8% (95% CI: 7-8%) for severe/morbid obesity], and 46% (95% CI: 44-47%) for metabolic multimorbidity (Tables 2 and 3 ; Fig. 1 ). When obesity was defined as having an ICD-9 code or BMI ≥ 30 on at least two occasions (instead of one), the prevalence of obesity was 35% among the subset of participants with at least two recorded measurements for BMI in their EMR (or with an ICD-9 code for obesity, regardless of the number of BMI measurements). As the prevalence of obesity was similar based on whether obesity was defined using one or two BMI measurements, we elected to use a single BMI ≥ 30 as the definition for obesity in order to avoid misclassifying participants with only one recorded BMI in their EMR during the follow-up period. Men were more likely than women to have dyslipidaemia (51 vs. 41%, respectively; P < 0.001), and women were more likely than men to have type 2 diabetes (16 vs. 12%, respectively; P < 0.001) and obesity (53 vs. 29%, respectively; P < 0.001). Metabolic comorbidities were more common among older age groups, with 86% (95% CI: 81-91%) of participants ≥ 70 years of age having hypertension and 74% (95% CI: 68-80%) having dyslipidaemia. Among racial/ethnic groups, non-Hispanic black patients were most likely to have hypertension, diabetes and obesity, while non-Hispanic white patients were most likely to have dyslipidaemia (all P < 0.001).
diagnoses, medication prescriptions, or clinical/laboratory results alone and based on combinations of these data sources are presented in Fig. 2 . Each Venn diagram represents all participants classified as having one metabolic comorbidity and depicts the proportions of those who met the various diagnostic criteria. Based on the available EMR data, 38% lacked evidence of treatment for hypertension, 40% lacked evidence of treatment for diabetes, and 66% lacked evidence of treatment for dyslipidaemia (after excluding the 19% of dyslipidaemic patients whose only indication for dyslipidaemia was low HDL-C, 56% lacked evidence of treatment).
Correlates of metabolic comorbidities
Prevalent metabolic comorbidities were independently associated with traditional cardiovascular risk factors, greater times since HIV diagnosis and on ARV regimens during the study follow-up period, and specific immunovirological parameters (Table 4; see Table S7 for the full set of results). After adjusting for all other covariates, metabolic outcomes remained associated with sex, age and race/ethnicity. Hypertension was associated with Greater time on ARV regimens during the active study follow-up period (per 1-year increase) was associated with greater metabolic risk: use of PI-based regimens was associated with dyslipidaemia (aOR: 1.11; 95% CI: 1.09-1.14); use of NNRTI-based regimens was associated with hypertension (aOR: 1.03; 95% CI: 1.01-1.06) and dyslipidaemia (aOR: 1.09; 95% CI: 1.06-1.12); and use of any other regimen was also associated with hypertension (aOR: 1.05; 95% CI: 1.01-1.08) and dyslipidaemia (aOR: 1.07; 95% CI: 1.04-1.11).
Having a nadir CD4 count < 200 cells/lL (vs. > 500 cells/lL) was associated with greater odds of hypertension CI, confidence interval. 
Discussion
In an aging citywide cohort of largely non-Hispanic black HIV-infected outpatients, we found a very high prevalence of metabolic comorbidities despite access to health care and the availability of newer ARV regimens with improved metabolic side effect profiles. The contemporary estimates obtained in this study were based on data collected between 2011 and 2015, and thus are complementary to those of previous studies that largely reported on data collected between 2000 and 2010. As a consequence of the diverse demographic characteristics of this large study sample, we were able to calculate precise estimates for the prevalence of hypertension, diabetes, dyslipidaemia and obesity by biological sex, racial/ethnic group, and age group (five age groups were used, which included 1290 people aged ≥ 60 years). The findings of this study underscore the persistent and pervasive public health burden of metabolic comorbidities among people currently living with HIV in real-world clinical settings. The period prevalence estimates obtained for the sample of adult HIV-infected patients in the DC Cohort are generalizable to the broader HIV-infected outpatient population in a large urban US city. Half of HIV-infected patients in the DC Cohort were classified as hypertensive, which represents a higher prevalence compared with the 32% of participants in the EuroSIDA study [6] , 14% of participants in the D:A:D study [8] , 45% of participants in the Swiss HIV Cohort Study [10] , 32% of male patients in the VACS-VC [12] , 32% of female patients in the WIHS [17] , 43% of HIV-infected outpatients at an urban New York health centre [21] , and 44% of male patients in the MACS with hypertension [14] , although it also represents a marginally lower prevalence compared with the 54% of male patients and 57% of female patients in the HOPS with hypertension [11] . Among DC Cohort patients, 12% of male patients and 16% of female patients had diabetes, which was comparable to the 12% of male patients and 19% of female patients in the HOPS [11] , 13% of male patients in the MACS [14] , 14% of male patients in the VACS-VC [12] , and 18% of female patients in the WIHS with diabetes [17] , but higher than the 5% of participants in the EuroSIDA study [6] , 3% in the D:A:D study [8] , and 7% in the Swiss HIV Cohort Study with diabetes [10] . More than half of male patients and more than 40% of female patients in the DC Cohort were classified as dyslipidaemic, and these prevalences are higher than the 37% of male patients and 31% of female patients at an urban New York health centre [21] , 45% of EuroSIDA study participants [6] , and 42% of D:A:D study participants with dyslipidaemia [8] , but lower than the 58% of male patients in the VACS-VC [12] , 81% of male patients and 67% of female patients in the HOPS [11] , and 92% of male patients in a MACS substudy with dyslipidaemia [16] ; these large differences might be attributed to different histories of ARV therapy and/or the use of different quantitative cut-offs for various lipid parameters to define dyslipidaemia. Nearly twice as many women as men had obesity (53 vs. 29%, respectively) in the DC Cohort; aside from an obesity prevalence of 32% among male patients in the MACS [14] , the prevalence was lower in other studies: 18% among male patients and 32% among female patients in the HOPS [11] , 32% among female patients in the WIHS [17] , 14% among male patients in the VACS-VC [12] , and 7% among participants in the Swiss Cohort HIV Study [10] . In addition, 46% of DC Cohort patients with a non-missing value for smoking history were current smokers; previous studies have similarly found a high prevalence of current smoking, ranging from 41 to 57% among HIV-infected participants [7, 9, [24] [25] [26] .
Prevalence estimates stratified by demographic subgroups further elucidate the very high burden of metabolic comorbidities among older HIV-infected patients. Fig. 2 Venn diagrams of the proportions of HIV-infected patients with (a) hypertension (n = 3497), (b) type 2 diabetes (n = 902), (c) dyslipidaemia (n = 3370) and (d) obesity (n = 2469) who met criteria for these metabolic comorbidities based on diagnoses, medications, and/or test results. Of the 902 patients classified as having type 2 diabetes, 30% had evidence of elevated serum glucose, 40% had evidence of elevated glycated haemoglobin (HbA1c), and 51% had evidence of either elevated serum glucose or elevated HbA1c; the latter of these is depicted by the blue circle in (b). Of the 3370 patients classified as dyslipidaemic, 52% had evidence of elevated total cholesterol, 46% had evidence of low high-density lipoprotein cholesterol (HDL-C), and 80% had evidence of either elevated total cholesterol or low HDL-C; the latter of these is depicted by the blue circle in (c). BMI, body mass index.
There was evidence of hypertension, dyslipidaemia and multimorbidity among more than half of those aged 50-59 years and a large majority of those aged ≥ 60 years, and there was evidence for type 2 diabetes in approximately one-quarter of those aged ≥ 60 years. Among older HIV-infected persons, the prevalence of hypertension was notably higher in the DC Cohort than in other studies: 74% of DC Cohort patients aged 60-69 years and 86% of those aged ≥ 70 years had hypertension, compared with 60% of HIV-infected patients aged ≥ 60 years in an Italian study [27] and 45% in a study of HIVinfected US Veterans aged ≥ 60 years [28] . The prevalence of type 2 diabetes in the DC Cohort was 24% among patients aged 60-69 years and 29% among those aged ≥ 70 years, which was higher than the 12% of HIVinfected Veterans aged ≥ 60 years with diabetes [28] , but lower than the 39% of HIV-infected Italian patients aged ≥ 60 years with diabetes [27] . A significant statistical interaction between HIV status and age has also been reported previously, whereby the risk of comorbidity was greater among older HIV-infected persons than would have been expected from the independent effects of HIV infection and age alone [28, 29] . In terms of sex and race/ ethnicity, male and white individuals were more likely to have dyslipidaemia [11, 15] , female and black individuals were more likely to have diabetes and obesity [11, 15] , and black individuals were more likely to have hypertension [11, 21] .
Furthermore, our use of composite metabolic outcome measures that incorporated data on diagnoses, medication aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; PI, protease inhibitor; ARV, antiretroviral; NNRTI, nonnucleoside transcriptase inhibitor. *P < 0.05; **P < 0.01; ***P < 0.001. †
The full set of results from univariable and multivariable logistic regression analyses are included in Table S7 . All multivariable analyses adjusted for age, sex at birth, race/ethnicity, HIV transmission risk category, housing status, employment status, smoking history, alcohol abuse history, recreational drug use history, whether primary care is received at the clinical site, anxiety/stress disorder, depression, hepatitis C, chronic kidney disease, hypertension, diabetes, dyslipidaemia, overweight/obesity, time since HIV diagnosis, time on PI-based regimens, time on NNRTI-based regimens, time on other (non-PI-, non-NNRTI-based) regimens, most recent CD4 cell count, nadir CD4 cell count, AIDS diagnosis, and most recent viral load.
prescriptions and clinical/laboratory results maximized the sensitivity of definitions for metabolic comorbidities. Large proportions of patients classified as having metabolic comorbidities lacked documented evidence in their EMR of having received a prescription for treatment. This finding should be further investigated as it could point to unmet treatment opportunities for hypertension, diabetes and dyslipidaemia, and also to the reality that care for comorbidities is often sought elsewhere such as a separate primary care provider. Some studies of HIV-infected patients have reported gaps in treatment, with only 56% treated for hypertension, 56% treated for diabetes, and 39% and 13% treated for dyslipidaemia in various patient populations [30] [31] [32] . Other studies, however, have found higher treatment rates, including 75% for hypertension and 81-87% and 90% for dyslipidaemia [21, 33] . Reported barriers to the treatment of hypertension, diabetes and dyslipidaemia in the general population have included provider disagreement with clinical recommendations, the absence of an adequate patient care plan, overestimation of the effectiveness of diet control as a treatment modality, complex treatment regimens, poor patient education, failure to appreciate the severity of potential complications, perceived and actual drug side effects, and depression or stress/anxiety hindering the adoption of a new treatment regimen [34] [35] [36] . Older HIV-infected patients often face additional barriers to non-HIV medication adherence such as neurocognitive dysfunction, substance use disorders, food insecurity, and limited social support [37] . As a next step, we intend to assess whether patients met specific criteria for the treatment of hypertension, diabetes and dyslipidaemia based on published recommendations for the management of these conditions. Regarding interventions to mitigate the burden of metabolic disease, the promotion of lifestyle modification offers additional beneficial impact to patients, as interventional programmes focused on diet, exercise and/or smoking cessation have improved metabolic and cardiovascular outcomes in people living with HIV [38] [39] [40] . Information on the management of metabolic conditions using behavioural change was not available in our study, but such lifestyle modification may account for high proportions of participants lacking documented treatment.
In cross-sectional analyses, metabolic comorbidities were independently associated with traditional cardiovascular risk factors, greater times since HIV diagnosis and on ARV therapy during the active study follow-up period, and immunovirological parameters representative of controlled HIV infection. Patients with depression, anxiety/stress disorder, and/or a history of alcohol abuse had a greater risk of various metabolic outcomes. Although not focused on metabolic risk, previous research among people with HIV found that depressive symptoms were correlated with comorbid conditions [41] and that alcohol abuse and dependence were associated with a higher prevalence of cardiovascular disease [42] . Our finding that greater times on ARV regimens during the study period were associated with greater metabolic risk is supported by previous evidence that various ARV drugs and regimens were associated with an increased risk of diabetes [43, 44] , hypertension [45, 46] and dyslipidaemia [47] . Greater time since one's HIV diagnosis was also independently associated with increased risk of diabetes and dyslipidaemia, which contributes to the growing body of evidence that the natural course of HIV infection induces specific atherogenic changes such as imbalances in serum concentrations of triglycerides, HDL-C and glucose [48] [49] [50] . While low nadir CD4 cell count was associated with hypertension in our analysis and in one other study [51] , higher CD4 cell count and lower HIV viral load were, surprisingly, associated with the presence of diabetes, dyslipidaemia and obesity. Given these conflicting findings and the number of statistical tests conducted, it is possible that these associations were spurious. Additional research on the relationships between immunovirological and metabolic parameters, particularly research utilizing longitudinal methods, is warranted.
These study findings should be interpreted within the context of several limitations. In defining variables crosssectionally based on each patient's available EMR data, patients with shorter follow-up periods and fewer visits had less opportunity to meet criteria for metabolic variable definitions; however, this approach allowed for the complete utilization of EMR data. Laboratory data for patients at one of the 13 sites were unavailable between September 2014 and June 2015, so the prevalences calculated for diabetes and dyslipidaemia may slightly underestimate the true prevalences of these conditions, and the proportions classified as having diabetes and dyslipidaemia based on laboratory results may also be underrepresented. Data on whether participants were fasting were unavailable, so we were unable to use measurements for biomarkers that are less reliable in nonfasting states, such as triglycerides. This analysis was cross-sectional and, thus, temporality and causality of associations cannot be determined. In addition, regression analyses consisted of multiple comparisons of covariates with four metabolic outcome variables, so spurious associations are possible and associations should therefore be interpreted with appropriate caution. Regarding ARV regimens, information on adherence was not collected. Although data on regimens were abstracted at enrolment, lifetime exposure to ARV therapy was incomplete; thus, associations between length of time on ARV regimens and metabolic outcomes probably underestimate true associations. Moreover, specific behavioural and social variables were only measured via chart review at enrolment and there were missing data for these variables; however, values were multiply imputed for the purpose of regression modelling.
Conclusions
These findings underscore the pervasive public health burden of metabolic comorbidities in a contemporary citywide cohort of HIV-infected persons and have critical implications for the evolving health care needs of people aging with HIV in our community. Models of HIV care that more centrally incorporate primary and secondary prevention of metabolic disease may be warranted to most effectively monitor metabolic risk and prevent subsequent adverse cardiovascular outcomes among HIVinfected patients [52, 53] . Our results also serve as the basis for future analyses to characterize how effectively metabolic comorbidities are controlled in the DC Cohort and to elucidate barriers to their successful management in HIV clinical care settings. This study contributes to a better understanding of the epidemiology of metabolic comorbidities in HIV-infected populations and demonstrates the increasingly important public health priority that managing metabolic and cardiovascular risk represents for HIV-infected patients and their providers.
Supporting Information
Additional Supporting Information may be found in the online version of this article at the publisher's web-site: Table S1 . Previous publications of the prevalence of hypertension, diabetes, dyslipidaemia, and obesity in large-scale HIV-infected cohort studies. Table S2 . Clinical criteria used to define hypertension. Table S3 . Clinical criteria used to define type 2 diabetes. Table S4 . Clinical criteria used to define dyslipidaemia. Table S5 . Clinical criteria used to define obesity. Table S6 . Sociodemographic and clinical characteristics of HIV-infected patients in the DC Cohort by sex, age group and race/ethnicity; 1 January 2011 to 30 June 2015 (n = 7018). Table S7 . Correlates of metabolic comorbidities among HIV-infected patients in the DC Cohort; 1 January 2011 to 30 June 2015 (n = 7018).
